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1. Purpose

The purpose of this Software Validation Test Report is to report the result of the software validation test conducted
in the system validation testing of the Oscillation Power Range Monitor (OPRM) for the NRW-FPGA-Based 1&C
System Qualification Project.

After the issuance of Revision 0 of this report, the design change of the OPRM unit, which led the design change
of the TRN module and RCV module, was implemented to add a Cyclic Redundancy Check (CRC) function
required in Revision 6 of the System Design Description (SDD) (Reference (24)) issued by Nuclear Energy
Systems & Services Division (NED). After that, NED issued Revision 7 of the SDD to add a performance
requirement related to the response time of trip signal generation, and issued the revision of the procurement
specification (Reference (23)) specifying special conditions and parameters for an additional system validation
testing. In response to requirements change in the SDD, the Equipment Design Specification (EDS) (Reference
(4)) and the OPRM Unit Detailed Design Specification (DDS) (Reference (5)) were revised.

Thus, this report was revised to document the result of the software validation test conducted in the additional
system validation testing.

The Nuclear Instrumentation & Control Systems Department (NICSD) Independent Verification and Validation
(IV&V) Team prepared this report in accordance with test documentation requirements required in the NICSD
V&V Plan (Reference (1)), the Master Test Plan (Reference (2)), and the Software Test Plan (Reference (3)) using
NQ-3016 “Software Test” (Reference (12)) as a guide.

2. Scope

The scope of the test to be reported is the software validation tests conducted in the system validation testing and
the additional system validation testing of the OPRM for the NRW-FPGA-Based 1&C System Qualification
Project.

The system validation testing was performed in accordance with the System Test Specification (Reference (6))
which included the special test for commercial grade items, factory acceptance testing (i.e., hardware test,
prudency test, and operability test), and software validation test. Section 12 of the System Test Specification
described the software validation test items, which referred to the Software Validation Test Plan (SVTP)
(Reference (14)). The NICSD IV&V Team prepared the SVTP. The Test Personnel of the NICS-QC as the test
engineers of the NICSD [V&V Team prepared the System Validation Test Procedure (Reference (15)) based on the
System Test Specification and the SVTP. The Test Personnel executed the software validation test in accordance
with Section 7.3 of the System Validation Test Procedure. The Test Personnel documented the system validation
test result in the test record “System Validation Test for NRW-FPGA-Based 1&C System Qualification Project”
(herein after referred to as System Validation Test Record) (Reference (16)). The test result for the software
validation test was provided in Section 4.3 of the System Validation Test Record.

The additional system validation testing was performed in accordance with the System Test Specification for
Additional Validation (Reference (19)) which included the factory acceptance testing (i.e., hardware test), and
software validation test. Section 10 of the System Test Specification for Additional Validation described the
software validation test items, which referred to the SVTP for Additional Validation (Reference (20)). The
NICSD IV&V Team prepared the SVTP for Additional Validation. The Test Personnel of the NICS-QC as the
test engineers of the NICSD V&V Team prepared the System Validation Test Procedure for Additional Validation
(Reference (21)) based on the System Test Specification for Additional Validation and the SVTP for Additional
Validation. The Test Personnel executed the software validation test in accordance with Section 7.2 of the System
Validation Test Procedure for Additional Validation. The Test Personnel documented the system validation test
result in the test record “System Validation Test for Additional Validation for NRW-FPGA-Based 1&C System
Qualification Project” (herein after referred to as System Validation Test Record for Additional Validation)
(Reference (22)). The test result for the software validation test was provided in Section 3.2 of the System
Validation Test Record for Additional Validation.
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3. Applicable Documents

(1)  Toshiba Project Document Number FA32-3709-1000
“Nuclear Instrumentation & Control Systems Department Verification and Validation Plan for FPGA-based
Safety-Related Systems” Rev.6
(2)  Toshiba Project Document Number FC51-7021-1000
“Master Test Plan for NRW-FPGA-Based [&C System Qualification Project” Rev.1
(3)  Toshiba Project Document Number FA32-3705-1000
“Software Test Plan for FPGA-based Safety-Related Systems” Rev.0
(4)  Toshiba Project Document Number FC51-3002-1000
“Equipment Design Specification for Power Range Neutron Monitor” Rev.4
(5)  Toshiba Project Document Number FC51-3702-1000
“OPRM Unit Detailed Design Specification for Power Range Neutron Monitor” Rev.4
(6)  Toshiba Project Document Number FC51-7101-1001
“Nuclear Instrumentation & Control Systems Department System Test Specification for Safety-Related
Oscillation Power Range Monitor (OPRM)” Rev.6
(7)  Toshiba Project Document Number FC51-8001-1000
“OPRM Unit User’s Manual” Rev.4 |
(8)  Toshiba Nuclear Instrumentation & Control Systems Department NQ-2003
“Procedure for Control of Software Tools” Rev.3
(9)  Toshiba Nuclear Instrumentation & Control Systems Department NQ-2024
“Procedure for Document Control” Rev.8
(10) Toshiba Nuclear Instrumentation & Control Systems Department NQ-3011
“Qualification Procedure of Test Personnel and QC Inspector” Rev.5
(11) Toshiba Nuclear Instrumentation & Control Systems Department NQ-3015
“Test Control Procedure” Rev.5 |
(12) Toshiba Nuclear Instrumentation & Control Systems Department NQ-3016
“Software Test” Rev.4
(13) Toshiba Nuclear Instrumentation & Control Systems Department NQ-3017
“Measuring and Test Equipment Control Standard” Rev.6 |
(14) Toshiba Project Document Number FC51-7012-1003
“Software Validation Test Plan ” Rev.3
(15) Toshiba Project Document Number FC51-7101-1000
“System Validation Test Procedure for NRW-FPGA-Based [&C System Qualification Project” Rev.3
(16) Toshiba Project Document Number FC51-7501-1001
“System Validation Test for NRW-FPGA-Based [&C System Qualification Project” (System Validation Test
Record)
(17) Toshiba Nuclear Instrumentation & Control Systems Department SB8K0072
“Evaluation Report for OPRM Test Tool” Rev.1
(18) Toshiba Nuclear Instrumentation & Control Systems Department FDS-JHS-000204
“Evaluation Report for Test Pattern Files” Rev.2
(19) Toshiba Project Document Number FC51-7101-1003
“Nuclear Instrumentation & Control Systems Department System Test Specification for Additional Validation
for Safety-Related Oscillation Power Range Monitor (OPRM)” Rev.0
(20) Toshiba Project Document Number FC51-7012-1004
“Software Validation Test Plan for Additional Validation” Rev.0
(21) Toshiba Project Document Number FC51-7101-1004
“System Validation Test Procedure for Additional Validation for NRW-FPGA-Based [&C System
Qualification Project” Rev.1 |
(22) Toshiba Project Document Number FC51-7501-1006
“System Validation Test for NRW-FPGA-Based 1&C System Qualification Project” (System Validation Test
Record for Additional Validation)
(23) Toshiba Project Document Number FC51-3601-0001
“Procurement Specification for Equipment Qualification and EMC Qualification of Components of
Oscillation Power Range Monitor (OPRM)” Rev.11
(24) Toshiba Project Document Number FC51-1001-0001
“System Design Description for Neutron Monitoring System” Rev.8
TOSHIBA CORPORATION
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4. Abbreviations

ABA Amplitude Based detection Algorithm

AC Alternate Current

APRM Average Power Range Monitor

CI Communication Interface

CRC Cyclic Redundancy Check

DDS Detailed Design Specification

EDS Equipment Design Specification

ELCS Engineered Safety Features Logic & Control System
FPGA Field Programmable Gate Array

GRA Growth Rate detection Algorithm

HMI Human-Machine Interface

1&C Instrumentation and Control

V&V Independent Verification and Validation

LED Light Emitting Diode

LPRM Local Power Range Monitor

M&TE Measuring and Test Equipment

NED Nuclear Energy Systems & Services Division

NISD Nuclear Instrumentation Systems Development & Designing Group
NICSD Nuclear Instrumentation & Control Systems Department
NICS-QC Quality Control Group for Nuclear Instrumentation & Control Systems
NQ Nuclear Quality

NRW Non-Rewritable

OPRM Oscillation Power Range Monitor

PBDA Period Based Detection Algorithm

PFC Power Factor Correction module ac

QC Quality Control

Sat. Satisfactory

SDD System Design Description

SOE Sequence of Event

SVTP Software Validation Test Plan

TDR Transient Data Recorder

TOSHIBA CORPORATION
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S. Test Description
5.1 Test System

The test system consists of test specimen, and test equipment. The test system configuration for the system
validation testing is as shown in Figure 5-1. The same test system configuration as that used for the system
validation testing was used for the additional system validation testing.

The test specimen consists of one OPRM unit with two Power Factor Correction modules (PFCs). The test
specimen is mounted on a test specimen rack. The list of the test specimen for the system validation testing, and
the additional system validation testing is shown in Table 5-1-1, and Table 5-1-2, respectively.

The test equipment mainly consists of

/
ac a C

A[ ]optica] transmit output. A[ })ptical receive input. The[ :‘Z
simulates one APRM unit. A redundant optical tran mlssmn input signal from the APRM unit is simulated byL

[ ac ]a‘lghef is used to simulate four LPRM units. One port of t
simulates optical transmission signals of one LPRM unit containing 13 LPRM Levels, which undergoes a

transient change, and provides those signals to the OPRM unit.

a, c
The[ ]monitors the optical transmission output signals gr%m the OPRM unit. Since the optical
transmission signals output from the OPRM unit to ELCS am{g are equivalent, one typical port of those four
ports on the TRN module (TRN1) in the OPRM unit is monitored with one port of th .| 'Since the

optical signals output from the OPRM unit to SOE and TDR are equivalent, one typlcal gort of those four ports on
the TRN module (TRN2) in the OPRM unit is monitored with one port of th{

The relay unit is simulated by the aux-relay plate which uses general mechanical relays. Discrete output signals
from the OPRM unit are monitored with the data recorder via the aux-relay plate. A discrete input signal (i.e.,
APRM bypass signal) is provided to the OPRM unit via the aux-relay plate.

The OPRM unit is powered from two redundant Class 1E AC power supplies. Both of those AC power supplies
provide nominal 120 VAC, 60 Hz power. Fuses, varistors, and noise filters equivalent to actual products are
inserted to the power lines in the test specimen rack. These fuses, varistors, and noise filters are dealt as test
equipment not as test specimen.

The list of the test support equipment and Measuring and Test Equipment (M&TE) used for the system validation
testing, and the additional system validation testing is shown in Table 5-2-1, and Table 5-2-2, respectively.
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5.2 List of Test Specimen

The following table shows the list of the test specimen used for the system validation testing excerpted from the
System Validation Test Record (Reference (16)).

Table 5-1-1 List of Test Specimen

Slot ID Model
Description (Instrument Mumibes Serial Number Qty Judgment
Number)

FOPRM Unit B HNU1200B00000 | 410920017 @ | Sat
[ZOPRM Chassis - 22890-375 [25312101000/AA @ Sat.
WCELL Module | FSL5t07 WIHNS0400B00000 | 41206818335 ! Sat.
ZJAGRD Module | FSL8t09 HNS0420B00000 | E41206818331 41 Sat.
[PBD Module FSL10to11 | GZHNS0430B00000 | EA1206818312 h Sat.
[ADAT/ST Module | FSL 14 JHNS0410B00000 | E41206818322 %! S ot

PSSLI RHNS0500B00000 | (41282858 '
LVPS Module o Sl
PSSL2 HNS0500B00000 | 21282859 Sat
DIO Module BSL4 RfHNS0520B00000 | [711202803706 a1 | Sat.
BSL7 HNS0531B00000 | 411206818325 sat.
ATRN Module M2
BSLS Z/HNS0531B00000 | 41206818326 sat.
BSL5 MHNS0541B00000 | F11206818316 @
IRCV Module 7 2 Jat.
BSL6 EHNS0541B00000 | 41206818317 Saf.
(PFC1) MBPC-10 1252373
MPFC D Sat.
(PFC2) MBPC-10 1252374 Sat.

TOSHIBA CORPORATION
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The following table shows the list of the test specimen used for the additional system validation testing excerpted
from the System Validation Test Record for Additional Validation (Reference (22)).

Table 5-1-2 List of Test Specimen (for Additional System Validation Testing)

Slot ID ——

Description (Instrument Number }‘y«hl Number Qty | Judgment

Number)

OPRM Unit - @HNU1200800008¢ | (110920017 M | See.
[AOPRM Chassis - #22890-375 ™5312101000AA | Of1 | $pe.
ICELL Module |FSLSto7 | HNS0400B00000 | (1206818335 @ | Sue
(WAGRD Module | FSL8 10 9 [PHNS0420B00000 | (1206818331 M | Sac.
(@PBD Module | FSL10to11 | //HNS0430B00000 | (41206818312 M | Sae
W@DAT/ST Module | FSL 14 WHNS0410B00000 | [H1206818322 M | Sue.
Frvesmodute LPE! HNS0500B00000 | (41282858 o, | Jat.

PSSL2 HNS0500B00000 | [@1282859 Sat

™DIO Module | BSL4 ZHNS0520B00000 | 41202803706 o | S
O L0 #HNS0s31B00001 | (1212828256 of, |_Jar
BSLS HNS0531B00001 | (41212828257 Sar-.

Frovmoae [P (HNS0541B00001 | (31212828262 of, | Set
BSL6 WHNS0541B00001 | (41212828263 K72

Horc (PFC1) ®BPC-10 1252373 o |_Jat
(PFC2) @BPC-10 1252374 Jat

TOSHIBA CORPORATION
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5.3 List of Test Support Equipment and Measuring and Test Equipment

The following table shows the list of the test support equipment and the Measuring and Test Equipment (M&TE)
used for the system validation testing excerpted from the System Validation Test Record (Reference (16)). The
NICSD IV&V Team confirmed that those M&TE were controlled in accordance with NQ-3017 “Measuring and
Test Equipment Control Standard” (Reference (13)).

Table 5-2-1 List of Test Support Equipment and Measuring and Test Equipment List (1/2)

No Ttem Description Manufacturer/ Serial# Cal. date Cal. Due
i P Model # / Control # (YY/MM/DD) | (YY/MM/DD)
C

1 Caliper 12/08/17 13/07/31
Non-automatic

2 electronic weighing 12/08/09 13/07/31
instrument

3 Insulation Resistance 12/08/06 13/07/31
Tester

4 Withstanding Voltage 12/08/03 13/01/31
Tester

5 Digital Multimeter 12/08/01 13/07/31

6 Clamp On AC/DC 12/07/31 13/07/31
Hitester

7
Scope Corder 12/07/30 13/07/31
Intentionally left blank

Note) *1 Test Support Equipment

TOSHIBA CORPORATION
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Table 5-2-1 List of Test Support Equipment and Measuring and Test Equipment List (2/2)

. Manufacturer/ Serialt Cal. date Cal. Due
No. Loens Description Model # / Control #-2 | (YY/MM/DD) | (Y¥/MM/DD)
g |+ ImshCument 12/03/07 13/02/28
Measurement Device
9 |*1 ACPower Supply 12/07/24 13/07/31
Optical Signal B . None
10 | *1 Transmit o /FDTR-12-0001
Simulator(OSTS) /FDTR-12-0002 : tli“’A, .
1 | *1 Optical Signal Recive Toshiba None i i
Simulator(OSRS) / None /FDTR-12-0001
Data Logger
*
12 1 (LOGGER) 11/05/25 13/05/31
13 | *1 Thermo/Hygrometer 12/07/30 13/07/31
Intentionally left blank
Note) *1 Test Support Equipment
TOSHIBA CORPORATION
13/85
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The following table shows the list of the test support equipment and the M&TE used for the additional system
validation testing excerpted from the System Validation Test Record for Additional Validation (Reference (22)).
The NICSD V&V Team confirmed that those M&TE were controlled in accordance with NQ-3017 “Measuring
and Test Equipment Control Standard” (Reference (13)).

Table 5-2-2 List of Test Support Equipment and Measuring and Test Equipment List
for Additional System Validation Testing (1/2)

No Tavis. Dencrilatiivs Manufacturer/ Serial# Cal. date Cal. Due
) P Model # /Control # | (YY/MM/DD) | (Y¥/MM/DD)
& c
1 Digital Multimeter 12/08/01 13/07/31
Clamp On AC/DC
2 Hitester 12/07/31 13/07/31
3 s 1200730 | 13071
Intentionally left blank

Note) *1 Test Support Equipment

TOSHIBA CORPORATION
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Table 5-2-2 List of Test Support Equipment and Measuring and Test Equipment List
for Additional System Validation Testing (2/2)

No W T Manufacturer/ Serial# Cal. date Cal. Due
. ¥ Model # / Control #.* °| (YW/MM/DD) | (Y¥/MM/DD)
4 | *1 AC Power Supply 12/07/24 13/07/31
Optical Signal p None
5 | *1 Transmit ,T]‘:]?;Za /FDTR-12-0005
Simulator(OSTS) /FDTR-12-0006 > mtli“’A, .
6 | *1 Optical Signal Recive Toshiba None re-operation inspection
Simulator(OSRS) / None /FDTR-12-0005 5
Data Logger
*
T 1 (LOGGER) 11/05/25 13/05/31
. N
Intentionally left blank
Note) *1 Test Support Equipment
TOSHIBA CORPORATION
15/85
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5.4 Test Personnel Identification

The manager of Quality Control Group for Nuclear Instrumentation & Control Systems (NICS-QC) was
responsible for execution of system validation testing in accordance with NQ-3015 “Test Control Procedure”
(Reference (11)). The manager of NICS-QC was also responsible for assigning a “Test Personnel” qualified
in accordance with NQ-3011 “Qualification Procedure of Test Personnel and QC Inspector” (Reference (10)) as a
tester for system validation testing.

Figure 5-2 shows the manager of NICS-QC and the Test Personnel who involved in the system validation
testing, and the additional system validation testing.

Toshiba NICS-QC . Manager h
Manager

'

N

Approver

Toshiba NICS-QC evel 11 Test Personnel y,
Level II or higher level Test Personnel

Reviewer

Level [ or higher level Test Personnel

Test Personnel

Toshiba NICS-QC evel [ Test PersorThel

< &

Figure 5-2 Test Personnel Identification
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6. Evaluation of Test Equipment Software

6.1 Test Equipment Software Identification

The NISD controlled the test equipment software listed in Table 6-1-1 used for the software validation test for the
system validation testing, and the test equipment software listed in Table 6-1-2 used for the software validation test
for the additional system validation testing. The NICSD IV&V Team confirmed that NISD appropriately
performed the configuration control of the test equipment software in accordance with NQ-2003 “Procedure for
Control of Software Tools” (Reference (8)) using the Software Tool Registration Application Form listed in Table
6-1-1 and Table 6-1-2.

Table 6-1-1 List of Test Equipment Software

Tool Type Software Tool Registration Application Form Version
Number
OPRM Test Tool FDTR-12-0001-KM NYP134 - 01-001-C

(Optical Signal Receive Simulator,
Optical Signal Transmit Simulator)

OPRM Test Pattern Files FDTR-12-0002-KM NZH002 - 00-001-C

Table 6-1-2 List of Test Equipment Software
for Additional System Validation Testing

Tool Type Software Tool Registration Application Form Version
Number
OPRM Test Tool FDTR-12-0005-KM NYP134 - 04-001-C

(Optical Signal Receive Simulator,
Optical Signal Transmit Simulator)

OPRM Test Pattern Files FDTR-12-0006-KM NZH002 - 01-001-C

6.2 Evaluation of OPRM Test Tool

The OPRM Test Tool included the Optical Signal Receive Simulator and Optical Signal Transmit Simulator.

a,c
The Optical Receive Simulator comprised of t i J‘nodule (called the(L li]n Figure 5-1) contained in
PCI Bus Expansion Chassis (called the PCI Ex-Box 2 in Figure 5-1) and PC (called the’PC2 in Figure 5-1).

a, c
The Optical Transmit Simulator comprised of th{ Jcalled the[ lin Figure
5-1) contained in PCI Bus Expansion Chassis (called the PCI Ex-Box 1 in Figure 5-1) and PC (called the PC1 in

Figure 5-1).

Test Personnel from the NICS-QC tested the OPRM Test Tool in accordance with the test specification prepared by
a tool developer from NISD, and recorded their results in test record. NICSD performed the test outside this
project scope. The NICSD IV&V Team reviewed the test documents for the OPRM Test Tool listed in Table
6-2-1 and Table 6-2-2, and confirmed that test was performed in accordance with the test specification, and all test
results were acceptable.

TOSHIBA CORPORATION
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Table 6-2-1 List of Test Documents for OPRM Test Tool

Tool Type Document No. Rev.

Test Specification for OPRM Unit Test Tool (Optical Signal | ST8H7766 2
Receive Simulator/Optical Signal Transmit Simulator)

Test Record for Optical Signal Receive Simulator/Optical | ATC-103723 -
Signal Transmit Simulator

Table 6-2-2 List of Test Documents for OPRM Test Tool
for Additional System Validation Testing

Tool Type Document No. Rev.

Test Specification for OPRM Unit Test Tool (Optical Signal | ST8H7829 1
Receive Simulator/Optical Signal Transmit Simulator) (CRC)

Test Record for Optical Signal Receive Simulator/Optical | ATC-104150 -
Signal Transmit Simulator (CRC)

6.3 Generation of LPRM levels for Input Test Pattern

A LPRM level input is simulated with the following basic equation.

( N

\ p

Based on the above basic equation, four LPRM levels comprising an OPRM Cell (i.e., y4: LPRM A, yz: LPRM B,
ye: LPRM C, and yp: LPRM D) can be further defined as follows.

&

7
The NICSD IV&V Team generated input test patterns of LPRM levels using above equation with test pattern
generation tool.  This equation can simulate various types of oscillation signals by changing the parameters.

If all the LPRM levels in a Cell synchronize, the Normalized Oscillation Signal (St) simulated by the theoretical
TOSHIBA CORPORATION
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formula may be simplified with a filtered single LPRM level except noise as follows.

Normalized Oscillation Signal (St):

St

Based on the functionality of the OPRM unit, the NICSD IV&V Team determined expected output for each input
test pattern as responses of OPRM unit to the simulated Normalized Oscillation Signal (St) and other input
parameter conditions.

6.4 Evaluation of Test Pattern Generation Tool

A tool developer from NISD compared the following 3 types of calculation results to validate the test pattern
generation tool:

- Normalized Oscillation Signal obtained through desktop calculations with the theoretical formula shown above,

- Normalized Oscillation Signal calculated by the OPRM unit which was obtained by inputting a typical oscillation
waveform generated with the test pattern generation tool into the OPRM unit, and

- Normalized Oscillation Signal calculated by means of versatile software Octave (GNU Octave, version 3.2.4) as
alternative calculation method.

The tool developer from NISD documented the results of the validation in the “Evaluation Report for OPRM Test
Tool” (Reference (17)). The NICSD IV&V Team reviewed this document and confirmed that it was acceptable to
use the test pattern generation tool in creating test patterns for the OPRM test.

6.5 Evaluation of Test Pattern Files

Using the test pattern generation tool as above, the NICSD [V&V Team created individual test patterns to be used for
the software validation testing of the OPRM unit, fed those test patterns in the OPRM unit with the Optical Signal
Transmit Simulator, and collected Normalized Oscillation Signals calculated by the OPRM unit with the Optical
Signal Receive Simulator.

The NICSD IV&V Team made a comparison of calculation results between the Normalized Oscillation Signal
calculated by the OPRM unit and the Normalized Oscillation Signal manually calculated with the versatile software
Octave as alternative calculation method to evaluate whether those test patterns would conform to the test purpose.
The NICSD IV&V Team documented the results of the evaluation in the “Evaluation Report for Test Pattern Files”
(Reference (18)). Thus the NICSD IV&V Team confirmed that it would be acceptable to use the test patterns file
created with the test pattern generation tool in performing the software validation test.
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7. Test Items for Software Validation Test

Software validation testing in the system validation testing for OPRM was performed to ensure that the integrated
software meets the requirements stated in the Equipment Design Specification (EDS) (Reference (4)) and the
OPRM Unit Detailed Design Specification (DDS) (Reference (5)). The basic concepts to determine test items
and test patterns for this software validation test were described in Section 9 of the SVTP (Reference (14)). Table
7-1-1 shows the test items for the software validation test and references to corresponding sections of the System
Validation Test Report and System Validation Test Record (Reference (16)).

Table 7-1-1 List of Test Items

Test Item Section No. in Section No. in
Software Validation System Validation
Test Report Test Record

Standard Setting Check (Initial Setpoint) 8.1 43.1

Normalized Oscillation Signal Processing 8.2 432

Normalized Oscillation Signal Processing (without LPRM bypass) 8.2.1 4321
Normalized Oscillation Signal Processing (with LPRM bypass) 822 4322
OPRM Region Determination (OPRM Automatic Bypass) 8.3 433

Trip Determination Functions 8.4 434

Amplitude-Based Maximum Trip (ABA Trip) Determination 8.4.1 434.1
Growth Rate-Based Trip (GRA Trip) Determination 842 4342
Period-Based Trip (PBDA Trip) Determination 843 4343
Trip Algorithm Initialization 8.4.4 4344
Failure Detection and Self Diagnosis Functions 8.5 435

OPRM Inoperative 8.5.1 435.1
OPRM Minor Failure 852 4352
Other Functions 8.6 43.6

Test Functions 8.6.1 43.6.1
Discrete Input Signal Toggling 8.6.2 4362
Optical Transmission Integrity Test 8.6.3 43.63
Random HMI Operation 8.6.4 43.64
Initialization 8.6.5 4.3.6.5

Software validation testing in the additional system validation testing was performed:

e To demonstrate that CRC functions added to the OPRM unit are correctly implemented and functions as
intended.

e  To demonstrate that the OPRM unit performs its safety functions under specific conditions specified by NED
with additional performance requirements for the OPRM Trip response time of the OPRM unit.

Test items are configured based on the CRC functions and additional requirements stated in the EDS (Reference
(4)), the OPRM Unit DDS (Reference (5)) and the procurement specification (Reference (23)). The rationale for
determination of the test items and test patterns for this software validation test in the additional system validation
testing were described in Section 9 of the SVTP for Additional Validation (Reference (20)). Table 7-1-2 shows
the test items for the software validation test and references to corresponding sections of the System Validation
Test Report for Additional Validation and System Validation Test Record for Additional Validation (Reference

(22)).

Table 7-2-2 List of Test Items
for Additional System Validation Testing

Test Item Section No. in Software Section No. in System
Validation Test Report for | Validation Test Record for
Additional Validation Additional Validation
Standard Setting Check (Initial Setpoint) 10.1 3.2.1
CRC Function 10.2 322
Additional Validation of Trip Algorithms 10.3 323
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8. Test Results

The Test Personnel performed the software validation test in October 2012 in accordance with the approved
System Validation Test Procedure (Reference (15)), and documented the test result in the System Validation Test
Record. The System Validation Test Record was approved by the manager of NICS-QC.

The following subsections described the test result for each test item. The test results referenced in the following
subsections were excerpted from the System Validation Test Record (Reference (16)).

In the following subsections, the test result of each item was reported using the following paragraphs.
(1) Explanation of Test [tem

This paragraph explained the overview of each test item. For detailed test steps and acceptance criteria, refer to
the SVTP (Reference (14)).

(2) Test Result

This paragraph shows the excerpted test result from the System Validation Test Record. Although test results
included the record for setting prior to each test item, or test record for recovery check after the each test item, the
NICSD IV&V Team only excerpted the test result that showed the significant test result demonstrating the function
of the OPRM unit tested. If the test item included multiple test steps following multiple test results, the NICSD
IV&V Team selected a representative step to show the typical test result, as appropriate. For all the detailed test
result, refer to the System Validation Test Record (Reference (16)).
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8.1 Standard Setting Check (Initial Setpoint)

(1) Explanation of Test [tem

The parameter setting and jumper pin setting specified the SVTP were used as “Standard Settings” for software
validation testing. It was checked that the parameters displayed on the module front panel were consistent with
the values specified in “Standard Settings.”

(2) Test Result
Form Ns : Normal Status(Operation) (3 of8) StepNo. _ 4 3. | 9)
2. Confiramation of “Standard Setting” of OPRM unit
Operation)
CELL Module Parameter
PARMETER PARMETER Result Judgment
1 2
1 Time Average Filter Cut-off Frequency Setpoint | M | 0.167
2 LPRM Lower-limit Setpoint 5.0
3 Conditioning Filter Cut-off Frequency Setpoint 1.000
4 Minimum Number of Active OPRM Cell Setpoint | [1 32 S at
5 OPRM Region APRM Level Setpoint | 4 30.0 -
6 OPRM Region Core Flow Level Setpoint | [4 60.0
i OPRM Region APRM Level Hysteresis Setpoint | K 1
8 OPRM Region Core Flow Level Hysteresis Setpoint | i 1
9 Minimum Number of Active LPRMs | M 2
AGRD Module Parameter
PARMETER PARMETER Result Judgment
1 2
1 Threshold Setpoint (S1) M| 110
2 Minimum Threshold Setpoint (S2) M| 092
3 Growth Rate Factor (DR3) M| 1.30
4 Maximum Amplitude Trip Setpoint (Smax) M| 1.30
5 Growth Amplitude Setpoint(S3) N/A Sat.
6 Time Window for Minimum Threshold Setpoint (T)) | M | 0.31
7 Time Window for Trip Setpoint (Th) M| 220], .
8 ABA and GRA Trip Hold Time Setpoint (Ttph) 2| '
9 Peak and Valley Detection Width Setpoint (a) 2 ‘0 003'
(Note 1) i
Note 1: This parameter is shown as 1 to 10 on the numerical display of the AGRD module.
PBD Module Parameter
PARMETER PARMETER Result Judgment
1 2
1 Period Minimum Setpoint (Tmin) 7] 1.00
2 Period Maximum Setpoint (Tmax) M | 3.50
3 Period Tolerance Setpoint (Te) i | 0.150
4 Confirmation Count Trip Setpoint (Np) %] 10 S at
5 PBDA Amplitude Trip Setpoint (Sp) M| 1105 ¢ ‘
6 PBDA Trip Hold Time Setpoint (Ttph) M| | OI
7 Peak and Valley Detection Width Setpoint(a) & | 0.003
(Note 2). =
Note 2: This parameter is shown as 1 to 10 on the numerical display of the PBD module.
Result
Acceptance Criteria Judgment
Item Status
“Standard Setting” of OPRM unit | See above See above S at .
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8.2 Normalized Oscillation Signal Processing

In the following test items, functionality of Normalized Oscillation Signal Processing depending on parameters and
conditions specified in each test item was tested.

8.2.1 Normalized Oscillation Signal Processing (without LPRM Bypass)

The purpose of this test item is to check that the Normalized Oscillation Signal calculation is performed under
normal state (i.e., calculation is performed with no LPRM Levels bypassed) by inputting a simulated signal of
LPRM units in the OPRM unit.

1.  Test Pattern 1
(1) Explanation of Test Item

This test pattern input a sine curve as LPRM Levels of 52ch that make up 44 Cells. Using this test pattern, it was
checked that filtering process, time average process, and normalization are executed for each cell and Normalized
Oscillation Signals were calculated as expected.

(2) Test Result

Traase
T L_PEAK; Determine peak position of Peak 10 of LPRM Level 1
T N_PEAK; Determine peak position of Peak 10 of Nprmalized Oscillation Signal (St) of CELL 1

e o Acceptance Criteria Jud "
TN_PEAK | TL_PEAK | Totiase ©® udgmen

(s) ) () a, c

Sat.

p

2.  Test Pattern 2
(1) Explanation of Test Item

In this test pattern, CELL 9 was selected to change 4 LPRM values included in CELL9 one by one from the state
that a constant value had been set. It was checked that Normalized Oscillation Signal change as expected by
averaging process.

(2) Test Result

M Check the qum ed Qscillnﬁon Signals (St) of CELL 9 at following Peak
Result(ELCS/ i) | Acceptance Result(ELCS] )| | Acceptance
Peak T N_PEAK Criteria q'] “rfi gment Peak T N_PEAK Criteria "g"g‘““"
8 Sat. 4 Sat.
16 | Sat. 2 1 Sat.

3. Test Pattern 3
(1) Explanation of Test Item

In this test pattern, constant LPRM values as LPRM Levels of 52ch that make up 44 Cells were input. After the
elapse of a certain period of time, it was checked that Normalized Oscillation Signals in the CELL module
indication turned to 1 and that Filtered Flux had the value expected.
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(2) Test Result
& Check the Normalized Oscillation Signals (St) of CELL 1 through CELL 44
Result(CELL module) | Accep Result(CELL module) | Acceptance
CELLN Nos_| Criteria Y 3"88MeR [Crri N Nos Criteria_) 3 @8ment
1 Sat. 3 Sat.
2 Saf 24 Sat.
3 Saf. 25 Sat.
4 Sat. 26 Saf.
5 Saf. 27 Sat.
6 Saft. 28 Sat.
7 Sat. 29 Sad.
8 Sat. 30 Sat.
9 Sat. 31 Sat.
10 | Sat. 32 St
1 ~ Sat 33 St
12 Sot. 34 &t.
13 Saf. 35 So.
14 Sa-f 36 Sqt
15 ~ Sat. 37 Sad.
16 it 38 Sat.
17 Saf. 39 Sat.
18 Sat. 40 Sat-
19 Saf. 41 Saf.
20 St 42 3q1‘
21 Saf. 43 Sat
= Saf. 4“ Sat
r 4 7
ﬁCheck the Filtered Flux of CELL 1 through CELL 22
Result( CELL module) - -
I S e B AL
2 Sat
3 Sat.
4 Sat.
s 3at.
6 Sat.
7 Sat.
3 sat.
9 | _Sat. |
10 Sat.
11 Sat
12 Sat,
13 Sat
14 | Saf |
15 Sat.
16 Sat.
17 Sat
18 Sat,
19 1t
20 Sat.
= Sat
2 Sat
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4.  Test Pattern 4
(1) Explanation of Test Item

In this test pattern, CELL 10 was selected as a representative to check the filtering initialization function (i.e.,
Normalized Oscillation Signal value became 1.) when the Number of Active LPRMs changed (i.e., LPRM bypass
occurred.) due to the following conditions.

- LPRM Level is less than the LPRM Lower-limit Setpoint.

- When inoperative (bypass) occurs in the LPRM unit.

- When a transmission error occurs in the LPRM unit.

(2) Test Result
Check that the Normalized Oscillation Signals (St) of CELL 10 in the period of following Peak once
resets, and oscillates again. _
Result(ELCS/PICS) | Accept: Result(ELCS/PICS) | Accept:
Peak TN PEAK | Criteria _ a.l!:‘dgment Peak T N_PEAK Criteria :Jl:‘dgm eat
24
§ Saf. Sat.
16 Saf 32 Sat.

5. Test Pattern 5
(1) Explanation of Test Item

In this test pattern, CELL 11 was selected as a representative to check that the Levels meeting the following
conditions (i.e. LPRM bypass occurs.) were excluded from the calculation of Averaged Flux.

- LPRM Level is less than the LPRM Lower-limit Setpoint.
- When inoperative (bypass) occurs in the LPRM unit.

- When a transmission error occurs in the LPRM unit.

(2) Test Result
& Check the Normalized Oscillation Signals (St) of CELL 11 at following Peak
Result(ELCS/PICS) | Acceptance Result(ELCS/PICS) | Accept
Peak T N_PEAK Criteria Judgment peak | TN PEAK | Criteria S
a, c a, c

8 St 40 sat.
16 Sof. | 4 Sat
24 Sat. 56 Sat.
32 Sat. “ Sat.

~ 7 7

8.2.2 Normalized Oscillation Signal Processing (with LPRM bypass)
(1) Explanation of Test Item

In this test, it was checked that the Normalized Oscillation Signal calculation was performed under abnormal state
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(i.e., calculation was performed with certain number of LPRM Levels bypassed) by inputting a simulated abnormal
signal of LPRM units.

(2) Test Result
&6.2.2.1 Step1 ( “Normal”)
1) Check that status of module display is as P criteria in the table below.
Expected Output of “BYP” LEDs on CELL modul
BYP | BYP | BYP | BYP BYP | BYP I BYP | BYP
Cell No. wn | wr) | @b | @r) |cenNo. | @wn | wr | an | an
LPRM CH in Division LPRM CH in Division

% - 1 3 41 5 32 45 3 21

1 14 41 28 ?: 45 7 21 35

é 14 27 28 15 5| 7 20 35 48

27 40 15 4 @26 | 20 33 48 9

40 2 4 42 7] 33 46 9 2

i 2 = 42 29 34 47 - 10

? - 3 43 30 47 8 10 49

3 a1 30 16 30| 8 21 49 36

l%% a1 28 16 5 ?l 21 35 36 3

0| 28 15 5 a4 2| 35 48 23 11

1| 15 4 44 31 Egz 48 9 11 50

o2 4 42 31 17 %; 9 22 50 37

[=EY ) 29 17 6 10 49 38 24

s | 43 30 18 19 [f 29 36 24 12

@5 | 30 16 19 32 ﬁg 36 23 12 51

n_l‘is 16 3 32 45 @8] 23 11 51 39

7] s 44 45 7 o] 1 50 39 25

8| 44 31 7 20 g@ 50 37 25 -

9| 31 17 20 33 a1 24 12 - 52

0] 17 6 33 46 %{2 12 51 52 13

2 | 18 19 34 47 B3| st 39 13 26

P2 19 32 47 3 @aa | 39 25 26 .

Haiched portion ‘i) of “BYP (UL),” “BYP (UR),” “BYP (LL),” and “BYP (LR)" columns means that pondi
LED tums ON. Mﬁm@dtﬂmmmm ponding CELL is bypassed
Result(CELL module) | Acceptance | . . . | Result(CELL module) | Accep R
LED Status Criteria & “Amp/*%/Cunt” | _Status | _Criteria g
“BYP" See See
(LPRM Bypass) | above above Sax. “ceLL Comane” | _ P4 b St
Result(CELL module) Acceptance | . Result(CELL module] Acceptance Judgment
LED Status Criteria = “Amp/%/Cunt™ Status Criteria

“BYP" See See
(LPRM Bypass) | above above Sz, “ceLL conmne | _F0 ° SuE.

Result(CELL module) Acceptance Result(CELL module) Acceptance
LED Statws | Criteria | JU0Bment [ Cun” | Status | Criteria | JUdgment

“BYP" See See J\Mf “CELL Conunt™ _ﬁ/_ 41 Sl/b‘ .

(LPRM Bypass) | above above
Result(CELL module) A Tud: 3 Result(CELL module) A
LED Status Criteria w “Amp/%/Cunt™ Status Criteria Judgment
“BYP" See See .
(LPRM Bypass) above above Sat. CELLConun |5 : Sat.
Result Judgment | ResU(CELL module) |4 Judg
LED Status Criteria LED Status Criteria
[¥Turn On
“INOP” | S OFF Turn On Sat.
Result(CELL module Acceptance | o Result(CELL module) A _—
LED Status Criteria ». “Amp/%/Cunt” Status Criteria od
“BYP" See See .
(LPRM Bypass) above above \Y@t VCELL Comint L ° Saf
Result(DAT/ST module) Judgment | ReuM(CELL module) | Accepuance | 11 qonone
LED Status Criteria LED Status Criteria
“LPRM#"of | [¥Tum On " @furn On
“LINE sTATUS” | [(JTun Off Turn On &a;(‘ INOP” OTurn Off Tum On Saf .
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8.3 OPRM Region Determination (OPRM Automatic Bypass)

(1) Explanation of Test Item

In this test, it was checked that the OPRM region determination was performed in the correct manner in
accordance with APRM level and Core Flow level variations.

(2) Test Result

4.3.3.1 Step1 (APRM Level: 0.0%, Core Flow Level:50.0%)
1) Run the following test pattern files on the “OSTS”.
MAPRM 1: AP_00.0_FL_50.0_RO_Aprml.csv :_ 10 : 03 : 43
EJAPRM 2: AP_00.0_FL_50.0 RO Aprm2.csv :_|p : 03 : 5§
52) Check that status of discrete outputs, module display and PC data output on OSRS is as acceptance

criteria in the table below.
Step Test Pattern Accep Criteria (Expected Output) Remarks
(Optical Signal Transmit Simulator) (Discrete Output)
APRM data 1 APRM data 2 OPRM Automatic Bypass
APRM Core APRM Core
Level Flow Level Flow
Level Level
1 0.0% 50.0% 0.0% 50.0%
Step Test Pattern Accep Criteria (Expected Output) Remarks
(Optical Signal Transmit Simulator) (Displays on CELL module)
APRM data 1 APRM data 2 APRM Core Flow OPRM OPRM
APRM | Core APRM | Core Level Level Automatic Operation
Level Flow Level Flow (APRM) (FLOW) Bypass Region
Level Level (BYP) (OPRM
REGION)
1| oo% | so0% | oon | soou | #0.0% | #500% W OFF
Step Test Pattern Acceptance Criteria (Expected Output) Remarks
(Optical Signal Transmit Simulator) (Optical Signal Receive Simulator (PC data))
APRM Unit data 1 APRM Unit data 2 APRM FLOW ‘OPRM Automatic Bypass
APRM | Core APRM | Core Level [%) | Level [%)
Level Flow Level Flow
Level Level
1 00% | 500% | 00% | 50.0% 0.0 ©50.0

Result N
= — Acceptance Criteria Judgment
Discrete Output See above See above Sat
Displays on CELL module See above See above Sat.
OSRS(PC data) See above See above Sat.
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8.4 Trip Determination Functions

To verify the trip determination functions, it was checked that trip determination was performed in the correct
manner for the Growth Rate-Based Trip (GRA Trip), the Amplitude-Based Maximum Trip (ABA Trip), and the
Period-Based Trip (PBDA Trip) algorithms in accordance with input variations.

8.4.1 Amplitude-Based Maximum Trip (ABA Trip) Determination

The purpose of this test item is to check that trip determination is performed in the correct manner for the
Amplitude-Based Maximum Trip (ABA Trip) determination.

1. Test Pattern 1
(1) Explanation of Test Item

This test pattern was used to check the ABA algorithm operation for 44 cells. LPRM Levels simulating a
waveform that consisted of sine curve which amplitude value was amplified with time and a constant value were
used as the test pattern. This test pattern simulates LPRM Levels for 52 channels so that the ABA trip occurs
separately in CELL 1 though CELL 44. This test pattern also simulates LPRM Levels for 52 channels so that the
AGA trip occurs simultaneously in CELL 1 through CELL 44 after the ABA trip occurs in 44 cells. This test
pattern is set up not to make the GRA trip (Setpoint: DR = 1.3) occur. Using this test pattern, it was checked that
an ABA trip occurred at each of 44 cells at the intervals of 5 seconds (i.e., 44 times in total), and then one ABA trip
occurred at the end as an OR output of all of those 44 ABA trips. The following figure shows the wave form and
expected output for this test pattern.

10.4.1 Test Pattern 1 L—'—NQ§J
1500 g AMP_JUD (DO) = P = ~|ABA_TRIP (DO) is
= 1400 is generatce;fi51 ¥ [Sm // generated.
Rl FYETRTY 5 Y
1.200
5 ' [ TR T
| - FaiE e W B L BT e T
SEw N e T ]
2 0800 ol \.l \V[ Y
£ 0700 - G \.,I
o I &€
Z 0600 [ Jsec- |
0.500 1 L 1 1 1 1 1 1 ' ¢ 1 A 5 L L 1 1 L 1 1 1 1 1 d
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Sec.

(2) Test Result
d/Check that status of discrete outuputs is as acceptance criteria below.
Result(Scope Corder) Acceptance Criteria Judgment
Discrete Qutput Status
2 45
ABA_TRIP 45 (times) s Set
SCRAM ) 45
(OPRM_TRIP) — #5 (times) times ot
[4Not occurred
GRA_TRIP %pccun' od Not occurred Ry
Not occurred
PBDA_TRIP ClOccurred Not occurred \S‘w
Time difference between a,
AMP_JUDGEI1 and ABA_TRIP - St

TOSHIBA CORPORATION

Nuclear Instrumentation & Control Systems Department 28/85




FC51-7513-1002 Rev.2

2. Test Pattern 2

(1) Explanation of Test Item

In this test pattern, CELL 2 was selected as a representative to check the detailed operation of the ABA algorithm.

This test pattern has following features:

A pattern that after the thresholds S1 and S2 are exceeded in the ABA algorithm, LPRM Levels with low amplitude

peak simulating that Normalized Oscillation Signal (St) does not reach to Smax=1.3 on purpose.

Using this

pattern, it was checked that after the thresholds S1 and S2 were exceeded, the ABA trip did not occur in CELL 2.
The following figure shows the wave form and expected output for this test pattern.

10.4.1 Test Pattern 2

1.5
14

AMP_JUDGE1(DO) |

is generated

—NOS

13 [s1=1.10]
12

!

Nn— ABA_TRIP (DO) is

1.1

/\

Y e A

i
T

I
e

I not generated.
/
/

0.9

\/
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\
£
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08

V

0.7

Normalized Oscillation Signal
(NOS)

06

05 i I i

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Sec.

(2) Test Result

Déheck that the ABA trip does not occur in CELL 2.

Result Accep Criteria Judgment
ABA Tirp_ Status
Discrete Outout aﬁot occurred  [JOccurred Not occurred J‘M_
OSRS(ELCS/PICS data) mot occurred  [JOccurred Not occurred J‘%—V
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3.  Test Pattern 3

(1) Explanation of Test [tem

In this test pattern, CELL 3 was selected as a representative to check the detailed operation of the ABA algorithm

when the Maximum Amplitude Trip Setpoint (Smax) was changed from 1.30 to 1.20.
was checked that the ABA trip occurred in CELL 3 as expected at setpoint of “Smax =1.20.”

figure shows the wave form and expected output for this test pattern.

1.4

10.4.1 Test Pattern 3 [—nos]

1.3

ABA_TRIP (DO) is
AMP_JUDGE1(DO s &
" (®O) l{Smax=1.20 generated.

is generated

1.2

i ~ I

1.1

Si=1.10f— i
/\

N\ /

&
X S Ng e

0.9

, 8
AR Y

0.8
0.7

Normalized Oscillation Signal
(NOS)

0.6

i 1 L i i it L L L I i i 1 i I |

b
kK

0.5 .
8 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Sec.

(2) Test Result
Déheck that the ABA trip occurs in CELL 3.
Result
ABA Tirp Acceptance Criteria Judgment
Discrete Outout [INot occurred @/OOcmred Occurred &T
OSRS(ELCS/PICS data) | [ONot occurred lj(Occurred Occurred RY 2t

Using this test pattern, it

The following
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4. Test Pattern 4
(1) Explanation of Test Item

In this test pattern, CELL 4 was selected as a representative to check the detailed operation of the ABA algorithm
when the Maximum Amplitude Trip Setpoint (Smax) was changed to 1.40. Using this test pattern, it was checked
that the ABA trip occurred in CELL 4 as expected at setpoint of “Smax =1.40." The following figure shows the
wave form and expected output for this test pattern.

AMP_JUDGE1(DO) 10.4.1 Test Pattern 4 Smax=1.40 ‘_NOSI
5 pofi ted — el s ABA_.TRIP (DO) i
_ :.4 - ge"e"al - ' E:} generated. -
: L, [ A i |
&1 [z S YRR L9 |
P 5 o e & o P
EPRl i o ) e P
g2 ! S L B [ |
- R B e
E o7 A R
2 o \
05 1 1 1 1 1 1 1 1 1 : ! i 1 1 =k 1 1 1 1 1 1 1
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Sec.
(2) Test Result
E&?heck that the ABA trip occurs in CELL 4.
AR Thp Result i Accep Criteria Judgment
Discrete Outout [OINot occurred foccurred Occurred Jdﬁ
OSRS(ELCS/PICS data) | (JNot occurred HOccurred Occurred St
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5. Test Pattern 5

(1) Explanation of Test Item

In this test pattern, CELL 5 was selected as a representative to check the detailed operation of the ABA algorithm
related to the setpoint of the Time Window for Trip Setpoint (Th = 2.20 s).

In this test, after the thresholds S1 and S2 were exceeded in the ABA algorithm, LPRM Levels with low frequency

(equivalent to 0.2 Hz for the Normalized Oscillation Signal (St)) were input on purpose.
checked that after the thresholds S1 and S2 were exceeded, the ABA trip did not occur in CELL 5.

Using this pattern, it was
The following

figure shows the wave form and expected output for this test pattern.

AMP_JUDGE1(DO) 10.4.1 Test Pattern 5
1.5|is generated ) “;
g tp2 ;p;;;‘;,c Smax=1.30
- Mmoo | o
g .5 1 1.90 sec RN
= I S1=1.10 |
S IBEEA A AN\ |
@ |
I VA / N\ |
s J \ / 2 N {
g ABA_TRIP (DO) is :
3 0 — / not generated. !
309
T \ / '
~ O
A [s2=092 ] S
Z o6 [Th=22s
0.5 L i 1 1 1 1 1 1 1 1 1 J
8 9 10 11 12 13 14 15 16 17 18 19 20
Sec.
(2) Test Result
D{Check that the ABA trip does not occur in CELL 5.
Resolt Acceptance Criteria Judgment
ABA_Tirp Status
Discrete Outout iﬁyot occurred  [JOccurred Not occurred J Vs
OSRS(ELCS/PICS data) | OfNot occurred  [JOccurred Not occurred S
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6. Test Pattern 6
(1) Explanation of Test Item

In this test pattern, CELL 6 was selected as a representative to check the detailed operation of the ABA algorithm
related to the setpoint of the Time Window for Minimum Threshold Setpoint (TI = 0.31 s).

In this test, after the thresholds S1 and S2 were exceeded in the ABA algorithm, LPRM Levels with high frequency
(equivalent to 1.7 Hz for the Normalized Oscillation Signal (St)) were input on purpose. Using this pattern, it was
checked that after the thresholds S1 and S2 were exceeded, the ABA trip did not occur in CELL 6. The following
figure shows the wave form and expected output for this test pattern.

10.4.1 Test Pattern 6 Lﬂ]
].4 anz T—— - - — - - ——
ABA_TRIP (DO) is
(a _AMP,JUDtGSI(DO) [t03] not generated !
= is generate el
& 5 A\ (o1 PR :
[%2] . \ Ltol 0.60 sec \
=4
»% 1.1 ""‘\ I \{smax=1.zo i
338 |
FAY [s1=1.10]
L\
E $2=092 \ I
= 0.7
| .
0,6 % 1 1 1 1 1 1 =
9 9.5 10 105 11 11.5 12 12.5 13
Sec.
(2) Test Result
(i Check that the ABA trip does not occur in CELL 6.
Result Accep Criteria Judgment
ABA_Tirp Status
Discrete Outout m?‘lot occurred  [JOccurred Not occurred ‘5’44&
L
OSRS(ELCS/PICS data) [Z{Not occurred  [JOccurred Not occurred J‘ ‘/v—
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7.  Test Pattern 7
(1) Explanation of Test Item

In this test pattern, CELL 7 was selected as a representative to check the detailed operation of the ABA algorithm.
This test pattern simulates such LPRM Levels that after the thresholds S1 and S2 are exceeded in the ABA
algorithm, LPRM Levels are slowly increased on purpose to exceed Smax after the elapse of the period of time
3x(tp2-tp1) following the fix of tp1 in the Normalized Oscillation Signal (St). Using this pattern, it was checked
that after the thresholds S1 and S2 were exceeded, the ABA trip did not occur in CELL 7. The following figure
shows the wave form and expected output for this test pattern.

10.4.1 Test Pattern 7

— ABA_TRIP (DO) is
not generated.

AMP_JUDGE1(DO)
14 is generated

0.9

08 \ l !
07
N | | : 1 |

9 10 1" 12 13 14 15

Normalized Oscillation Signal (NOS)
=
g
g
/
/

Sec.

(2) Test Result

Ij(Check that the ABA trip does not occur in CELL 7.
Result Acceptance Criteria Judgment
ABA_Tirp Status
Discrete Outout Uﬁ/ot occurred  [JOccurred Not occurred Jd%"
OSRS(ELCS/PICS data) ot occurred  [lOccurred Not occurred It
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8.  Test Pattern 8
(1) Explanation of Test Item

In this test pattern, CELL 8 was selected as a representative to check the detailed operation of the ABA algorithm.
This test pattern simulates such LPRM Levels that after the threshold S1 is exceeded in the ABA algorithm, LPRM
Levels are slowly or swiftly decreased on purpose and then increased so that the threshold S2 is not exceeded.
Using this pattern, it was checked that after the threshold S1 was exceeded, the threshold S2 was not exceeded and
the ABA trip did not occur in CELL 8. The following figure shows the wave form and expected output for this
test pattern.

10.4.1 Test Pattern 8 [——Nos]|
14 5 T R T ggesrm] ABA TRIP (DO) is
AMP_JUDGE1(DO) is 1.30sec r 110'“1 not generated.
| | generated
St= 11| \ / \
; (52=0.92]

w

(XY

Normalized Oscillation Signal (NOS)
o b
® <,

0.8
9 10 11 12 15 16 17 18
Sec.
(2) Test Result
m/Check that the ABA trip does not occur in CELL 8.
A Accep Criteria Judgment
ABA Tirp Status
Discrete Outout Eﬂ,ljot occurred  [JOccurred Not occurred \j’ﬂ%‘
OSRS(ELCS/PICS data) II(Not occurred  (JOccurred Not occurred J}ﬂ—_
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8.4.2 Growth Rate-Based Trip (GRA Trip) Determination

The purpose of this test item is to check that trip determination is performed in the correct manner for the Growth
Rate-Based Trip (GRA Trip) determination.

1. Test Pattern 1
(1) Explanation of Test Item

This test pattern was used to check the GRA algorithm operation for 44 cells. LPRM Levels simulating a
waveform that consisted of sine curve which amplitude value was amplified with time and a constant value were
used as the test pattern. This test pattern simulates LPRM Levels for 52 channels so that the GRA trip occurs
separately in CELL 1 though CELL 44. This test pattern also simulates LPRM Levels for 52 channels so that the
AGA trip occurs simultaneously in CELL 1 through CELL 44 after the GRA trip occurs in 44 cells. Using this
test pattern, it was checked that a GRA trip occurred at each of 44 cells at the intervals of 5 seconds (i.e., 44 times
in total), and then one GRA trip occurred at the end as an OR output of all of those 44 GRA trips. The following
figure shows the wave form and expected output for this test pattern.

1042 Test Pattern 1 [—nos|
= GRA_TRIP (DO) is
1.2 p{ AMP_JUDGE2(DO) | ‘ e N
i B ted.
- is generated WCDR=12) / Lkl
= 1.15 p
5 JAA
7 1.1 -
PRI 0 G b i 2
8~ o
38 S Ns=uolf| Et ¥ e
8 Y IR B e
o 0.95
: O \
£ 0.9 p
E 0.85 V \ /
' [ [scc. [
08 s 1 1 y < = 1 1 1 1 J
12 13 14 15 16 17 18 19 20 21 22 23
Sec.
(2) Test Result
dCheck that status of discrete outuputs is as acceptance criteria below.
Result(Scope Cerder) Acceptance Criteria Judgment
Discrete Output Status
i 45
GRA_TRIP #5 (times) de Suts
SCRAM(OPRM_TRIP) %5 (times) F.d St
ABA_TRIP @Not occurred Not occurred
- OOccurred ax.
[¥Not occurred
PBDA_TRIP 0o ") Not occurred B Jzt-
Time difference between S
AMP_JUDGE2 and GRA_TRIP a7
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2.  Test Pattern 2

(1) Explanation of Test Item

In this test pattern, CELL 12 was selected as a representative to check the detailed operation of the GRA algorithm.
This test pattern has following features:

A pattern that after the thresholds S1 and S2 are exceeded in the GRA algorithm, LPRM Levels with low amplitude
peak simulating that Normalized Oscillation Signal (St) does not reach to S3 (Growth Rate Amplitude Setpoint
(S3) = (P1-1.0) X DR3 + 1.0) on purpose. Using this pattern, it was checked that after the thresholds S1 and S2
were exceeded, the GRA trip did not occur in CELL 12. The following figure shows the wave form and expected
output for this test pattern.

10.4.2 Test Pattern 2 [—nos]

~ |GRA_TRIP (DO) is
not generated.

1.2

]

AMP_JUDGE2(DO) |~
is generated

e 1.15
&
n 1.1 -I
<
2 105 £
=3 S1=1.10 / R R
29 1
o= \ /
o 0.95
- Xod
§ 0.9 oA
o
=z 0.85
048 - & i 1 1 1 L 1 L 1 1 i}
12 13 14 15 16 17 18 19 20 21 22 23
Sec.
(2) Test Result
WCheck that the GRA trip does not occur in CELL 12.
Result Acceptance Criteria Judgment
GRA_Tirp Status
Discrete Outout [Not occurred  CJOccurred Not occurred Sat.
OSRS(ELCS/PICS data) | [dNot occurred  [JOccurred Not occurred Sat.
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3. Test Pattern 3

(1) Explanation of Test Item

In this test pattern, CELL 13 was selected as a representative to check the detailed operation of the GRA algorithm
when the Growth Rate Factor (DR3) was changed from 1.3 to 1.2. Using this test pattern, it was checked that the

GRA trip occurred in CELL 13 as expected at setpoint of “DR3 =1.2.”

form and expected output for this test pattern.

The following figure shows the wave

10.4.2 Test Pattern 3 [—nos]
GRA_TRIP (DO) i
12l AMP_JUDGE2(DO) I gene'rated( i
_ 115 |_|is generated / e
5 i
20 ; i .
n 14 \f\ S_ | S3=approx. 1.139
é . Vi I / \ / \ I (at DR=12)
ma N
38
o= L B R i
© 095
N
e @ e e
~
2 085 V
0-8 i =k 1 1 1 1 1 1 1 i ]
12 13 14 15 16 17 18 19 20 21 22 23
Sec.
(2) Test Result
[ACheck that the ABA trip occurs in CELL 13.
Result Acceptance Criteria Judgment
GRA_Tirp Status
Discrete Outout ONot occurred  MOccurred Occurred Sat.
OSRS(ELCS/PICS data) | [ONotoccurred  EAOccurred Occurred Sat.
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4. Test Pattern 4
(1) Explanation of Test Item

In this test pattern, CELL 14 is selected as a representative to check the detailed operation of the GRA algorithm
when the Growth Rate Factor (DR3) was changed to 1.4. Using this test pattern, it was checked that the GRA trip
occurred in CELL 14 as expected at setpoint of “DR3 =1.4.” The following figure shows the wave form and
expected output for this test pattern.

10.4.2 Test Pattern 4 ‘_—iOS_‘
1.5 g AMP_JUDGE2(DO) |y
i ted =1.4)
Tg 1.4 puaiis generate J (at DR=1.4)
.50 1.3 = GRATRIP (DO) is [
(2 12 Si=L.10] \ ! { generated. i ]
2 1 APEN : ‘
PRI Fian, i il i e ag|
0% s o T 4 ik \// B
° 4
2 os LS4
z§ 0.7
0.6
0.5 2 i 1 s | L 1 1 i 1 A J
12 13 14 15 16 17 18 19 20 21 22 23
Sec.
(2) Test Result
b7 Check that the ABA trip occurs in CELL 14.
ki Acceptance Criteria Judgment
GRA_Tirp Status
Discrete Outout ONot occurred @ Occurred Occurred Sat.
OSRS(ELCS/PICS data) | [INot occurred  Occurred Occurred Sat.
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5. Test Pattern §
(1) Explanation of Test Item

In this test pattern, CELL 15 was selected as a representative to check the detailed operation of the GRA algorithm
related to the setpoint of the Time Window for Trip Setpoint (Th = 2.20 s).

In this test, after the thresholds S1 and S2 were exceeded in the GRA algorithm, LPRM Levels with low frequency
(equivalent to 0.2 Hz for the Normalized Oscillation Signal (St)) were input on purpose. Using this pattern, it was
checked that after the thresholds S1 and S2 were exceeded, the GRA trip did not occur in CELL 15. The
following figure shows the wave form and expected output for this test pattern.

AMP_JUDGE2(DO) 10.4.2 Test Pattern 5

1.5 |is generated oy
[t02]  SB5eec  Lto3]

O e

:: |S1:1 10 M’mxﬂc, S3=approx. 1.21 I !
1.2 T \ e ]

: } \ f/ X

GRA_TRIP (DO) i ;

0.9 \ / not generated. : \

. [s2=092 |

0.7 S |
06 |Th=2.2$ I

0.5 i 1 1 1 i i I ' i 1 i i

Normalized Oscillation Signal (NOS)

8 9 10 1 12 13 14 15 16 17 18 19 20
Sec.
(2) Test Result
WCheck that the GRA trip does not occur in CELL 15.
Result Acceptance Criteria Judgment
GRA_Tirp Status
Discrete Outout [4Not occurred  [(JOccurred Not occurred Sat.
OSRS(ELCS/PICS data) | ¥Not occurred  [JOccurred Not occurred Sat.
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6. Test Pattern 6
(1) Explanation of Test Item

In this test pattern, CELL 16 was selected as a representative to check the detailed operation of the GRA algorithm
related to the setpoint of the Time Window for Minimum Threshold Setpoint (Tl = 0.31 s (in this test, the Tl was
set to 0.38s.))

In this test, after the thresholds S1 and S2 were exceeded in the GRA algorithm, LPRM Levels with high frequency
(equivalent to 1.7 Hz for the Normalized Oscillation Signal (St)) were input on purpose. Using this pattern, it was
checked that after the thresholds S1 and S2 were exceeded, the GRA trip did not occur in CELL 16. The
following figure shows the wave form and expected output for this test pattern.

10.4.2 Test Pattern 6 |—nos|
14 — — - — - R R R RN R, -
AMP_JUDGE2(DO) is GRATRIF (DO) is. Iy
13 & not generated. e
T“ generate /
& T
& 1.2 \ ltol [—mx—ONm m“TH
§ 14 — ! o] 1Y 1 |
£p N L] \soewwor 5]
8o 1 | |
5z \ l R SN A
3 [s1=1.10] |
2 09
\
<23 s [s2=0.92] \ l
0.7
"
0.6 1 1 1 1 1 1 1 ]
9 95 10 105 11 15 12 125 13
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(2) Test Result

@/Check that the GRA trip does not occur in CELL 16.
Result Accept Criteria Judgment
GRA_Tirp Status
Discrete Outout MNot occurred  [JOccurred Not occurred Sat
OSRS(ELCS/PICS data) | MNotoccurred  [JOccurred Not occurred Sat
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7.  Test Pattern 7
(1) Explanation of Test Item

In this test pattern, CELL 17 was selected as a representative to check the detailed operation of the GRA algorithm.
This test pattern simulates such LPRM Levels that after the thresholds S1 and S2 are exceeded in the GRA
algorithm, LPRM Levels are slowly increased on purpose to exceed S3 after the elapse of the period of time
3x(tp2-tp1) following the fix of tp1 in the Normalized Oscillation Signal (St). Using this pattern, it was checked
that after the thresholds S1 and S2 were exceeded, the GRA trip did not occur in CELL 17. The following figure
shows the wave form and expected output for this test pattern.

10.4.2 Test Pattern 7
AMP_JUDGE2(DO) is
generated - E s ”’ " |GRA_TRIP (DO) is
SPproK.
X 2.225 sec / not generated.

1.3 s
$1=1.10 o L1Gs0c

: AN

Normalized Oscillation Signal (NOS)

0.9 T \\74 o | X(o2-to) [
08 |lsz=0s2 e Fdsao
: approx. sopro.
o2 0.125 sec 045ac
o1 ] [ip2
0.6 i ¥ 3 1 I J
9 10 11 12 13 14 15
Sec

(2) Test Result
W Check that the GRA trip does not occur in CELL 17.
Result Acceptance Criteria Judgment
GRA_Tirp Status
Discrete Outout MNot occurred  JOccurred Not occurred Sat.
OSRS(ELCS/PICS data) | MNot occurred  [JOccurred Not occurred Sat.
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8.  Test Pattern 8
(1) Explanation of Test Item

In this test pattern, CELL 18 was selected as a representative to check the detailed operation of the GRA algorithm.
This test pattern simulates such LPRM Levels that after the threshold S1 is exceeded in the GRA algorithm, LPRM
Levels are slowly or swiftly decreased on purpose and then increased so that the threshold S2 is not exceeded.
Using this pattern, it was checked that after the threshold S1 was exceeded, the threshold S2 was not exceeded and
the GRA trip did not occur in CELL 18. The following figure shows the wave form and expected output for this
test pattern.

104.2 Test Pattem 8

14 g I — 77| GRATRIP (DO) is [T
AMP_JUDGE2(DO) is

| —2RDroX. X. t ted
;i 1.30sec 1.20uc| oL Eeneiat
1.2 { '\

§1=1.10

Normalized Oscillation Signal (NOS)

Sec.

(2) Test Result
M Check that the GRA trip does not occur in CELL 18.
Result Acceptance Criteria Judgment
GRA_Tirp Status
Discrete Outout [@Not occurred  [JOccurred Not occurred Sat.
OSRS(ELCS/PICS data) | bdNot occurred ~ [1Occurred Not occurred 3&1.
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8.4.3 Period-Based Trip (PBDA Trip) Determination

The purpose of this test item is to check that trip determination is performed in the correct manner for the
Period-Based Trip (PBDA Trip) determination.

1. Test Pattern 1
(1) Explanation of Test Item

This test pattern was used to check the PBDA algorithm operation for 44 cells. LPRM Levels simulating a
waveform that consisted of sine curve and a constant value were used as the test pattern. This test pattern
simulates LPRM Levels for 52 channels so that the PBDA trip occurs separately in CELL 1 though CELL 44.
This test pattern also simulates LPRM Levels for 52 channels so that the PBDA trip occurs simultaneously in
CELL 1 through CELL 44 after the GRA trip occurs in 44 cells. Using this test pattern, it was checked that an
PBDA trip occurred at each of 44 cells at the intervals of 5 seconds (i.e., 44 times in total), and then one PBDA trip
occurred at the end as an OR output of all of those 44 PBDA trips at the initial setpoints of “Np = 10” and “Sp =
1.1.” The following figure shows the wave form and expected output for this test pattern.

COUNT.ST (DO) is| 1043 Test Pattem 1 [pgpa TRIP (DO) is [—tios|
1.2 [generated ST generated.
- 1.15 //El \
RN B il =
[R5 G
fo AN B o R e
82 s ek pitad A LT e R
£ ARl R A e )
A N R RN
= I LL Jsec_| N=10 |
[ T R s,
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
f=04Hz, Tref=25 sec Sec.
Tmin=1.00 £ Tref < Tmax=35
(2) Test Result
B Check that status of discrete outuputs is as acceptance criteria below.
Result(Seope Corder) Acceptance Criteria Judgment
Discrete Output Status
PBDA_TRIP 45 (times) - Sat
SCRAM(OPRM_TRIP) 45 (times) ﬁ:;s Sat.
ABA_TRIP K ot oeidlons! Not occurred Sat.
GRA_TRIP . Don Notoceured | St
Time difference between )
COUNT _ST and PBDA_TRIP Sat.
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2. Test Pattern 2
(1) Explanation of Test Item

In this test pattern, CELL 22 was selected as a representative to check the detailed operation of the PBDA
algorithm when the setpoint of the Confirmation Count Trip Setpoint (Np) was changed from 10 to 8. Using this
test pattern, it was checked that the PBDA trip occurred in CELL 22 as expected at setpoint of “Np = 8.” The
following figure shows the wave form and expected output for this test pattern.

10.4.3 Test Pattern 2

COUNT_ST (DO) is PBDA_TRIP (DO) is

1.2 fgenerated e —— generated. e

i I —An=1] T
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@R ERERD
BEYEEAT
FERERR LY,
Wy

Normalized Oscillation Signal
(NOS)

0.9
V v V f=0.4Hz, Tref=25 sec
0.85 ‘[ 1 Tmin=1.00 £ Tref  Tmax=3.5
0'8 1 . i 1 1 1 . 1 1 1 1 IN:S ' L i 1 1 1 1 i : 7 1 J
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Sec.
(2) Test Result
[ACheck that the PBDA trip occurs in CELL 22.
i Accep Criteria Judgment
PBDA_Tirp Status
Discrete Outout ONot occurred ~ 4Occurred Occurred Saf.
OSRS(ELCSIPICS data) | [Notoccurred  b4Occurred Occurred Sat.
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3. Test Pattern 3
(1) Explanation of Test Item

In this test pattern, CELL 23 was selected as a representative to check the detailed operation of the PBDA
algorithm when the setpoint of the Confirmation Count Trip Setpoint (Np) was changed to 20. Using this test
pattern, it was checked that the PBDA trip occurred in CELL 23 as expected at setpoint of “Np = 20.” The
following figure shows the wave form and expected output for this test pattern.

—NOS
COUNT_ST (DO) is|  '0:43 TestPattem 3 [pgpa TRIP (DO) is

1.2 fgenerated | — wmm generated. = ,‘
o I S T
s » — SP=1.10
H . A ‘
7] 1.1 it T |
: /) el
2 1.05 I |
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89 1 !
oZ
T 095
N
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]
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08 I i f I L ' 1 i ' ' 1 L N=20 |, '

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
f=04Hz, Tref=2.5 sec Sec.

Tmin=1.00 € Tref < Tmax=35

(2) Test Result
M Check that the PBDA trip occurs in CELL 23.
Resukt Acceptance Criteria Judgment
PBDA_Tirp Status
Discrete Outout ONot occurred ~ #Occurred Occurred Sat.
OSRS(ELCS/PICS data) | OONot occurred  BOccurred Occurred Sat.
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4. Test Pattern 4
(1) Explanation of Test Item

In this test pattern, CELL 24 was selected as a representative to check the detailed operation of the PBDA
algorithm when the setpoint of the PBDA Amplitude Setpoint (Sp) was changed from 1.1 to 1.2 at the setpoint of
the Confirmation Count Trip Setpoint (Np =20). Using this test pattern, it was checked that the PBDA trip
occurred in CELL 24 as expected at setpoints of “Np = 20” and “Sp = 1.2.” The following figure shows the
wave form and expected output for this test pattern.

—NOS
COUNT_ST (DO) is 10.4.3 Test Pattern 4 [pgpA TRIP (DO) is
1.4 |generated e . = generated. == e
T ——An=1] x
1.3 e . {sP=1.20
1.2 R

1.1 I

1

0.9 i J

Normalized Oscillation Signal
(NOS)

08
0.7
0g EEPE ST T GRATE i el NVe Y e N=20 Bl Pt
12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
f=04Hz, Tref=25 sec Sec.

Tmin=1.00 < Tref < Tmax=3.5

(2) Test Result
M Check that the PBDA trip occurs in CELL 24.
Result Acceptance Criteria Judgment
PBDA, Status
Discrete Outout [CINot occurred ~ &Occurred Occurred Sat.
OSRS(ELCS/PICS data) [ONot occurred ~ E4Occurred Occurred Sot.
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5. Test Pattern 5
(1) Explanation of Test Item

In this test pattern, CELL 25 was selected as a representative to check the detailed operation of the PBDA
algorithm when the setpoint of the PBDA Amplitude Setpoint (Sp) was changed to 1.05 at the setpoint of the
Confirmation Count Trip Setpoint (Np =20). Using this test pattern, it was checked that the PBDA trip occurred
in CELL 25 as expected at setpoints of “Np = 20" and “Sp = 1.05.” The following figure shows the wave form
and expected output for this test pattern.

—NOS

10.4.3 Test Pattern 5 PBDA_TRIP (DO) is
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(2) Test Result
I Check that the PBDA trip occurs in CELL 25.
Result Acceptance Criteria Judgment
PBDA_Tirp Status
Discrete Outout ONot occurred  iOccurred Occurred Saf.
OSRS(ELCS/PICS data) | [INot occurred “Occurred Occurred Saf.

TOSHIBA CORPORATION

Nuclear Instrumentation & Control Systems Department 48/85




FC51-7513-1002 Rev.2

6. Test Pattern 6
(1) Explanation of Test Item

In this test pattern, CELL 26 was selected as a representative to check the detailed operation of the PBDA
algorithm related to the setpoint of the Period Maximum Setpoint (Tmax = 3.50s). In this test, the LPRM Levels
with low frequency (equivalent to 0.28 Hz (Tref=3.57s) for the Normalized Oscillation Signal (St)) were input on
purpose. Using this pattern, it was checked that the PBDA trip did not occur in CELL 26 because the Tref was
longer than Tmax, and the Confirmation Count did not count up. The following figure shows the wave form and
expected output for this test pattern.

10.4.3 Test Pattern 6 [—nos]

12 m e~ s 5 TR ~|PBDA_TRIP (DO)is pot generated. |
COUNT ST (DO) is not generated

L R R e TR T Ry

I8 L L B R
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0.85 [{f=0.28Hz, Tref=357 sec
Tmax=35 < Tref
0.8 1 1 1 1 1 1 1 1 1 1 1 i

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Sec.
(2) Test Result
WCheck that the PBDA trip does not occur in CELL 26.
‘ Accep Criteria Judgment
PBDA_Tirp Status
Discrete Qutout ZNot occurred  [JOccurred Not occurred Sat.
OSRS(ELCS/PICS data) @Not occurred  [JOccurred Not occurred Sat.
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7.  Test Pattern 7
(1) Explanation of Test Item

In this test pattern, CELL 27 was selected as a representative to check the detailed operation of the PBDA
algorithm related to the setpoint of the Period Minimum Setpoint (Tmin = 1.00s). In this test, the LPRM Levels
with high frequency (equivalent to 1.7 Hz (Tref=0.91s) for the Normalized Oscillation Signal (St)) were input on
purpose. Using this pattern, it was checked that the PBDA trip did not occur in CELL 27. The following figure
shows the wave form and expected output for this test pattern.

10.4.3 Test Pattern 7 —NOS
22— —~|PBDA_TRIP (DO)is not generated. =
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Z 085
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(2) Test Result
ACheck that the PBDA trip does not occur in CELL 27.
Result Acceptance Criteria Judgment
PBDA_Tirp Status
Discrete Outout @Not occurred  (JOccurred Not occurred Sat.
OSRS(ELCS/PICS data) | &/Not occurred  [JOccurred Not occurred Sat.
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8.  Test Pattern 8

(1) Explanation of Test Item

In this test pattern, CELL 28 was selected as a representative to check the detailed operation of the PBDA
algorithm related to the setpoint of the Period Tolerance Setpoint (Te = 0.15s). In this test, a pattern that after the
Confirmation Count (N) counted up to 10 in the PBDA algorithm, LPRM Levels with low frequency were input on
purpose. Using this pattern, it was checked that the PBDA trip did not occur in CELL 28 because the period
between the subsequent peak and peak was larger than the period between the preceding valley and valley with a
tolerance given by the Period Tolerance Setpoint, and the Confirmation Count was reset. The following figures
show the wave form and expected output for this test pattern.

1043 Test Pattemn 8 [—nos]
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10.4.3 Test Pattern 8 [=—nos]
14
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(2) Test Result
A Check that the PBDA trip does not occur in CELL 28.
Result Accep Criteria Judgment
PBDA_Tirp Status
Discrete Outout PNot occurred  [JOccurred Not occurred Sat.
OSRS(ELCS/PICS data) | dNotoccurred  [JOccurred Not occurred Sat.
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9. Test Pattern 9
(1) Explanation of Test Item

In this test pattern, CELL 29 was selected as a representative to check the detailed operation of the PBDA
algorithm related to the setpoint of the Period Tolerance Setpoint (Te = 0.15s). In this test, a pattern that after the
Confirmation Count (N) counted up to 10 in the PBDA algorithm, LPRM Levels with high frequency were input
on purpose. Using this pattern, it was checked that the PBDA trip did not occur in CELL 29 because the period
between the subsequent peak and peak was smaller than the period between the preceding valley and valley with a
tolerance given by the Period Tolerance Setpoint, and the Confirmation Count was reset. The following figures
show the wave form and expected output for this test pattern.

10.4.3 Test Pattern 9 [—nos]
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(2) Test Result
I Check that the PBDA trip does not occur in CELL 29.
Result Acceptance Criteria Judgment
PBDA_Tirp Status
Discrete Outout [Not occurred  [JOccurred Not occurred Sat
OSRS(ELCS/PICS data) ANot occurred  [JOccurred Not occurred Sat
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10. Test Pattern 10
(1) Explanation of Test Item

In this test pattern, CELL 30 was selected as a representative to check the detailed operation of the PBDA
algorithm related to the setpoint of the Peak and Valley Detection Width Setpoint (a). In this test, oscillating
LPRM Levels with random noise were input on purpose. .Using this pattern, it was checked that Confirmation
Count (N) counted up and reset to “0” at random in CELL 30, and a PBDA trip signal was not generated at the
setpoint of “Peak and Valley Detection Width Setpoint (a) = 0.001” because the fluctuation in the Normalized
Oscillation Signal due to the noise in the LPRM Levels reset the Confirmation Count at random with this setpoint
value. The following figure shows the wave form and expected output for this test pattern.
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(2) Test Result
¥ Check that the PBDA trip does not occur in CELL 30.
i Accep Criteria Judgment
PBDA _Tirp Status
Discrete Outout dNot occurred  [(JOccurred Not occurred Sat.
OSRS(ELCS/PICS data) Not occurred  [JOccurred Not occurred Sa t.
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11. Test Pattern 11
(1) Explanation of Test Item

The same pattern used for Test Pattern 10 was used for this test pattern. In this test pattern, CELL 30 was selected
as a representative to check the detailed operation of the PBDA algorithm related to the setpoint of the Peak and
Valley Detection Width Setpoint (a). In this test, oscillating LPRM Levels with random noise were input on
purpose. .Using this pattern, it was checked that Confirmation Count (N) counted up to 10 in CELL 30, and a
PBDA trip signal was generated at the setpoint of “Peak and Valley Detection Width Setpoint (a) = 0.003” because
the fluctuation in the Normalized Oscillation Signal due to the noise in the LPRM Levels was neglected, and the
Confirmation Count was not reset with this setpoint value.

COUNT_ST (DO) is Raar S 11 PBDA_TRIP (DO) is
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(2) Test Result
MCheck that the PBDA trip occurs in CELL 30.
o Acceptance Criteria Judgment
PBDA_Tirp Status
Discrete Outout OINot occurred [ Occurred Occurred Sat.
OSRS(ELCS/PICS data) | [ONot occurred  MOccurred Occurred Sat.
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8.4.4 Trip Algorithm Initialization

The purpose of this test item is to check that the trip algorithm initialization is performed in the correct manner in
accordance with input conditions changes. LPRM Levels simulating a waveform that consists of sine curve and a
constant value are used as the test pattern. This test pattern simulates LPRM Levels for CELL 9, CELL 12, and
CELL 30 so that the ABA Trip occurs in CELL 9, the GRA Trip occurs in CELL 12, and the PBDA trip occurs in
CELL 30 simultaneously for 4 cycles with time period of 30 seconds.

(1) Explanation of Test Item
1. Test Pattern 1 (Trip Algorithm Initialization by APRM Bypass Cancelation)

The purpose of this test pattern is to check that trip algorithms are initialized when the APRM Bypass signal input
turns from ON to OFF state.

2. Test Pattern 2 (Trip Algorithm Initialization by OPRM Inoperative Cancelation (AGRD module is STANDBY
mode))

The purpose of this test pattern is to check that trip algorithms are initialized when the OPRM Inoperative signal to
CELL module turns from ON to OFF state. The OPRM Inoperative signal to CELL module is simulated by
changing the operation mode of AGRD module.

3. Test Pattern 3 (Trip Algorithm Initialization by OPRM Inoperative Cancelation (PBD module is STANDBY
mode))

The purpose of this test pattern is to check that trip algorithms are initialized when the OPRM Inoperative signal to
CELL module turns from ON to OFF state. The OPRM Inoperative signal to CELL module is simulated by
changing the operation mode of PBD module.

4.  Test Pattern 4 (Trip Algorithm Initialization by OPRM Automatic Bypass)

The purpose of this test pattern is to check that trip algorithms are initialized when the CELL module generates the
OPRM Automatic Bypass signal.

5. Test Pattern S (Trip Algorithm Initialization by Number of Active LPRMs change)

The purpose of this test pattern is to check that trip algorithms are initialized when the number of active LPRMs in
each Cell changes.

6. Test Pattern 6 (Trip Algorithm Initialization by CELL Bypass)

The purpose of this test pattern is to check that trip algorithms are initialized when the CELL Bypass in each Cell
oceurs.
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(2) Test Result
Q{Check that the discrete outputs change as P criteria below.
Upper;Result ( Scope Corder)
Lower; Acceptance Criteria Jud "
No. | Trip —ZFA TRIP | GRA TRIP | PBDA TRIP | SCRAM 8 Hales

, /

VOceurred ¥Occurred HOceurred ¥ Occurred
1 st CINot d | ONot d | ONot d | CNot d J Az
Occurred | Occurred | Occurred | Occurred )
2 2nd | ONot occurred | ZNot d | ONot d | ONot 4| Ser
Occurred Occurred Oceurred Occurred )

[JOccurred o O« oy i “Trip algorithm
3 3rd | oot d | ©Not a | 2ot 4 | Dot d 502‘7 initialization
Not occurred | Not occurred | Not occurred | Not occurred
ED‘ d [t‘ d Q(‘ d M
4 4th | ONot d | ONot d | ONot d | ONot d| Spt.
Occurred Occurred Occurred Occurred |

I]Z{Check that the ELCS/PICS data change as acceptance criteria below.

Upper;Result (ELCS/PICS data)
Lower; Accep Criteria
ABA_Trip | GRA_Trip | PBDA_Trip | OPRM_Trip
(CELL9) (CELL 12) (CELL 30)
@Occurred ZOccurred | @Occurred | ¥ Occurred
1 Ist | ONot d | TONot d | ONot d | CNot | o
Occurred Occurred Occurred Ocgurred :
2 2nd | ONot 1 | TNot d | ONot d | ONot  Sut
Occurred Occurred Occurred Occurred )

Judgment Remarks

No. Trip

O d mle’ d (mle} d 110, d Trip algorithm
3 3rd | (Kot 4 | @t d | ot a | ot d d“w nitialization
Not occurred | Not occurred | Not occurred | Not occurred i
BOccured | BOccurred | BOccurred | HOccurred
4 4th | ONotoccurred | CNot d | CNot d | CINot JRY>
Occurred Occurred Occurred Occurred
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8.5 Failure Detection and Self Diagnosis Functions

Failure detection and self diagnosis functions of the OPRM unit under abnormal conditions were tested by
simulating postulated failures of external system and internal modules equipment.

8.5.1 OPRM Inoperative

(1) Explanation of Test Item

The purpose of this test item is to check that the OPRM unit generates an OPRM Inoperative signal under the
following conditions.

e APRM Unit Data both system transmission error is detected
e  APRM Inoperative o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>